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This study covers the interesting ﬁeld of the development in gifted children which is often neglected in pediatrics because
psychomotor development data are still rare, since “gifted” children are generally noticed towards the end of their primary
schooling by IQ measurement. Developmental studies have shown the evidence from several ﬁelds that children identiﬁed as
“high-level potentialities” or “intellectually gifted” develop sensory, locomotor, neuropsychological, and language skills earlier
than typically expected. The hypothesis is oﬀered that the earlier development originates from biological processes aﬀecting
the physical development of the brain and in turn even intellectual abilities are developed earlier, potentially allowing for
advanced development. Further it is discussed how these developmental advances interact with the social environment and in
certain circumstances may entail increased risk for developing socioemotional diﬃculties and learning disabilities that often go
unaddressed due to the masking by the advance intellectual abilities.
1.Introduction
Sincethe19thcentury,childrenshowingparticularpotential,
often called “gifted”, have aroused interest among authors
such as Lombrosso [1] in the area of the links between genius
and madness, or in diﬀerential psychology [2].
Asearlyas1909,AlfredBinet,theoriginatorofthenotion
of “mental age,” noted schoolchildren who were “too intelli-
gent” and who derived no beneﬁt from education.
Over the 20th century, diﬀerent psychiatrists and psy-
chologists took a particular interest in these exceptionally
gifted children, in particular Terman in 1925 [3]w h oc o n -
ductedalongitudinalstudyover35yearsstartingin1922.He
studied 1528 subjects (671 girls and 857 boys) whose mean
IQ was 150 (range 135 to 200) and mean age 11 years at the
start of the survey. He was able to identify characteristics
that were common to the sample overall. The aim was to
obtain better information about this particular population
so as to implement educational measures. Since this work,
the identiﬁcation of gifted children has led to various lines of
research into superior intelligence. However little work has
been conducted on relationships with neuropsychomotor
development, while more numerous are those studies that
have focused on understanding the cognitive functioning
of these children at school age. More recently, research
in developmental neuropsychology has shown the cerebral
activation occurring in the course of intellectual tasks, which
has opened up interesting possibilities.
Particularly, able children are variously referred to in the
literature as “gifted,” “highly gifted,” “precocious,” “early de-
velopers,” “intellectually precocious,” “talented,” “bright,”
“geniuses,” “prodigies,” and so forth, or as having “high-level
potentialities” or “high intellectual potential”.
These various terms are not necessarily synonymous,
since they possess diﬀering connotations and relate to
differing theoretical conceptions. “Precocious,” for instance,
adds the notion of developmental dating in early child-
hood, restricts the notion to children, and excludes any2 International Journal of Pediatrics
consideration of adults. Phrases such as “intellectually pre-
cocious” or “high intellectual potential” focus solely on the
intellectual domain setting aside other functions, whether
bodily, praxis, or aﬀective. The French term “surdou´ e”
synonymous of exceptionally or “highly gifted” in English
suggests an individual who can cope with anything (like
Superman) and who is not allowed to make mistakes, or
be unsuccessful, and certainly not expected to experience
learning diﬃculties. The term “surdou´ e”i nF r e n c ho r
“highly gifted”, like the notion of the “gifted” child with its
connotation of having received the “gift” of intelligence, can
lead to rather dangerous or passionate polemics, so that we
have chosen to refer to these children as having “high-level
potentialities”, or in fact as being “particularly able”. Indeed,
if the child naturally possesses exceptional abilities, these
are not connected with learning or education, and they set
the child aside, qualitatively and quantitatively, from his or
her peers. Thus the child’s “potentialities” refer to potential
skills, talents, and abilities that can be triggered to develop
in certain circumstances that relate to issues of feasibility,
implementation, and motivation [4, 5].
2. Identiﬁcation of “High-Level Potentialities”
(Highly Gifted)Children
While various techniques are used to detect indicators of
intellectual precocity (parental observation of the develop-
ment and behaviour of the child, academic performance,
teachers’ observations, etc.), the only tool that is widely
agreed upon to deﬁne this group of children is the Intelli-
gence Quotient (IQ) which is determined from batteries of
tests such as the WPPSI (Wechsler Preschool and Primary
School Intelligence) scale [6], or the WISC (Wechsler
Intelligence Scale for Children, [7]). No other objective
criterion is used widely enough to serve as a reference. Thus
a child is considered to belong to a “gifted” population if his
or her IQ has proved to be exceptionally high on the basis of
a rigorous evaluation conducted by a clinical psychologist.
The ﬁrst intelligence tests were developed in 1905 by two
French psychologists, Binet and Simon, with the creation of
theﬁrst“metricscale”forintelligence.Thisscalewasadapted
in 1916 by Terman, a Californian psychologist who as
early as 1922 instated the largest-ever longitudinal study on
gifted children. In 1911, Stern [10], a German psychologist,
introduced the concept of IQ which is the ratio of a mental
age to chronological age multiplied by 100. However, for
children, the problem was the mental age, and it was thus
that in 1930 Wechsler, an American psychologist, resorted to
a method involving statistical standardisation that enabled
the classiﬁcation of the results of an individual not in terms
of mental age but according to a given ranking in relation
to results derived from the general population of the same
age. He thus created the standard IQ measure (mean = 100,
SD = 15) for diﬀerent tests (WPPSI, WISC, WAIS (Wechsler
Adult Intelligence Scale) [6, 7, 11].
These scales [6, 7, 11] have recently been updated
in France with the WPPSI-III (2 years 6 months to 7
years 4 months) in 2004, the WISC-IV (6 years to 16
years 11 months) in 2005, and the WAIS-III (16 years to
99 years) in 2000. The classiﬁcation according to IQ in
France is the only scale that is accepted by protagonists
overall (medical, paramedical, psychologists, and teachers).
However, opinions diﬀer on the threshold beyond which the
termsof“precocity”or“giftedness”shouldbeapplied. Levels
beyond which these terms should be used range according
to viewpoints from a score of 120 to 140 or even more.
It is for instance ﬁxed at 135 by Terman (International
Encyclopedia of Education, p.2492) and at 120 in certain
American states (see Encyclopedia Britannica), or again at
125 by the psychologist Terrassier [12, 13] founder of the
French National foundation ANPEIP for gifted children.
According to the French Psychiatrist Ajuriaguerra [14],
a “gifted” child is one who possesses superior abilities, well
above those of other children of the same age; a “gifted”
child obtains an IQ score of 140+ (quantitative measure)
and presents exceptional personality traits from a qualitative
point of view (creative talent in several domains). It is
obvious that depending on the threshold used, the reference
population is not the same.
According to a recent report by Delaubier [15], commis-
sioned by the French Ministry of Education, if a threshold
of 120 is used, a large number of schoolchildren are taken
intoconsideration(oneortwoperclass).Beyond145(0.13%
of the population and around one child in a thousand),
the population considered is one of extremely exceptional
individuals, too rare to constitute a “group” aﬀording scope
for statistical description or for the establishment of separate
education facilities. The threshold of 130 (amounting to
around 2.28% of the population or one child in forty) is the
most commonly selected to consider that a child is “gifted”.
On this basis, and again according to the Delaubier report
[15], the numbers involved can be estimated in France at
about 200000 school children between the ages of 6 and 16,
corresponding to the period of compulsory schooling.
However, the measurement of intelligence is not suf-
ﬁcient on its own to predict later social or intellectual
success, or the production of creative work [16]. There
are interactions among high ability, task commitment, and
creativity [17].
Sternberg [18, 19] proposed a triangular theory of
intelligence for “gifted” children (the “triarchic mind”): this
involved analytical intelligence (measured by IQ), practical
intelligence (deriving implicit rules from a given situation),
and creative intelligence (producing original creations).
In this perspective, the restriction of the term “gifted”
to children obtaining a given IQ score appears as a highly
arbitrary oversimpliﬁcation.
As a complement to the Wechsler test batteries, more
focused “g-factor” tests [20, 21] have been used to remove
the cultural register, such as Raven’s Progressive Matrices or
Antsey’s domino test.
Certain deﬁnitions of intellectual precocity, for instance,
that given in the Marland report [22] in the USA, are
designed to evidence particular aptitudes that may exist
in isolation or in association. A multifaceted view of
giftedness proposed by Marland [22]h a sb e e na d o p t e d
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state departments of education and school systems. This
report described gifted and talented children as those who
demonstrate high achievement or potential in any one of six
areas: speciﬁc academic aptitude, general intellectual ability,
leadership ability, creative or productive thinking, visual
and performing arts, and psychomotor ability (which was
deleted in subsequent legislation). According to this report,
gifted and talented children are recognised by professionally
qualiﬁed individuals on the basis of exceptional ability
and their potential for out-of-the-ordinary performances. A
revised deﬁnition has asserted that “outstanding talents are
presentinchildrenandyouthfromallculturalgroups,across
all economic strata and all areas of human endeavor” (US
Department of Education, 1993, p.26).
While the classic tests such as the Wechsler tests (e.g.,
WISCIII)onlymeasurethreetypesofintelligence,linguistic,
spatial, and logicomathematical, Gardner [23]i nh i s“ m u l t i -
ple intelligences” theory describes seven types of intelligence
that are independent one from another: linguistic, logico-
mathematical, visuospatial, musical, somatokinetic, inter-
personal,andintrospective.However,thismodularapproach
is derived from studies on patients having sustained brain
damage. In addition, Gardner also developed the nonquan-
tiﬁable notion of the emotional quotient (EQ). EQ measures
integrate the emotional and aﬀective experience of the
individual by way of speciﬁc tests.
Although the methods used by Gardner [23]a r eo p e n
to criticism, this work is relatively recent and is in favour
of not using IQ alone but of setting it alongside other
tests approaching the psychoaﬀective sphere. This leads
on to systematic complementary investigations including
personality tests, and, depending on diﬃculties experienced
on certain subtests, more advanced neuropsychological tests
[24]. Deﬁcits in certain functions can indeed lead the
individual to overinvest in the intact functions by way of
overcompensation, or indeed as a result of overstimulation.
A further dimension emerges from the scientiﬁc litera-
ture devoted to precocity and talent, and that is creativity
[25], with a few existing tests [26, 27]. Here, creativity can
be deﬁned as the ability to generate original productions that
are suited to the requirements of the situation, the task, or
the problem [28].
2.1. Intraindividual Variability and Complementary Evalua-
tions. Besides the intelligence and performance tests that are
in wide use to identify children with “high-level potentiali-
ties,” interviews and questionnaires are also frequently used,
but they have not been subjected to any empirical validation
procedure in France [13], whereas, in the USA, there are
standardised scales and, in particular, the SRBCS (Scale for
Rating the Behavioural Characteristics of Superior Students)
[29].
It has frequently been observed in intraindividual re-
search on children with “high-level potentialities” using
the Wechsler scales that diﬀerences occur between VIQ
(verbal) and PIQ (performance) (12 points) although this
diﬀerenceisnotalwaysfoundtobesigniﬁcant[30].However,
intraindividual variability has been observed across various
studies where VIQ may be signiﬁcantly higher than PIQ [31]
or on the contrary lower [32]. Vaivre-Douret [4, 5]w o n d e r s
about the signiﬁcance of VIQ/PIQ heterogeneity, which in
her view should not be seen as being a speciﬁc characteristic
of these children. Indeed, the signiﬁcant diﬀerence in favour
of the VIQ is enhanced by high performances in these
children’s verbal skills (frequently reaching saturation) in
cases, where at the same time, they experience greater
diﬃcultywithperformancetests.Indeed,inachildofaverage
abilities, the diﬀerence is less marked between VIQ and PIQ
in case of diﬃculty on the performance scale, because here
V I Qs c o r e sd on o tr e a c ha sh i g hal e v e la sf o rc h i l d r e nw i t h
“high-level potentialities.” Hence, there are diﬀerences that
canbeattributedtomethodologicalbiasbetweenstudiesthat
recruit their “high-level potentialities” child populations in
psychologist consultant populations [31, 33] rather than in
the general population. In the latter case, there is a lesser
risk in quantitative terms of ﬁnding children experiencing
diﬃculties and therefore of ﬁnding large diﬀerences between
VIQ and PIQ.
Only complementary neuropsychological evaluations,
as yet still rarely implemented, can give insight into this
diﬀerence observed on certain subtests. Across the literature,
it does appear that the diagnostic criteria used for iden-
tiﬁcation purposes are not the subject of any consensus,
and the IQ threshold score is also variable. In addition,
apart from the IQ measure, there is wide variability in the
complementary measures that are implemented. It is also
important to take the “FLYNN eﬀect” into account [34, 35]
which concerns gifted children as well as the others. The
FLYNN eﬀect is a regular yearly increase of one third of a
point in IQ between the construction of the standard and the
examination date.
If according to the literature diﬀerent factors are involved
in the emergence of exceptional ability or talent, it has also
been shown that performance is sensitive to characteristics
of the socioeconomic environment [36–39], in particular
the environmental context provided by the parents [40, 41].
These children are less often detected in underprivileged
environments [4]. According to diﬀerent studies, other
factors relate to cognitive and conative variables and to
creativity factors [42–48].
3. Sensory-Motor andCognitiveDevelopment
From birth, biological maturing processes are continuously
at work. In the intrauterine environment, the speed of
maturation of the nervous and neuromuscular systems can
bemodiﬁedundertheinﬂuenceoftheenvironment,whether
internal or external, and genetic and extracellular environ-
mental factors can interact. These processes continue from
birth, depending on individual experience within a given
environment, the constraints of that environment, and the
educationalattitudesofthepeoplesurroundingthechild[4].
From birth, the sensorial and motor systems are func-
tionaltodiﬀeringdegrees,comingintoplayinacertainorder
(cutaneous sensitivity, then vestibular, gustatory, olfactory,
auditory,andvisual);thisoccursbeforethematurationofthe
nervous system is complete. Likewise, the motor behaviours
of the newborn child are initiated from fertilisation. In4 International Journal of Pediatrics
the course of gestation, fully operational sequences of
neuromotor and sensitive-sensory movements occur. These
enable the newborn child and the infant to establish more
reﬁned sensory/motor “loops” or patterns which will be
progressively integrated according to the myelinisation of
motorpathways,motorabilitiesdevelopinginterdependently
with aﬀectivity and in interaction with the environment.
Sensory-motor integration is thus constructed from the start
of life inutero, in a gradual and exponential manner, at all
levels of cerebral function, in the form of neurone networks,
which in each individual constitute an enrichment and a
reorganisation of the repertoire of human abilities [5, 8, 49]
enabling since the birth, anintermodal sensorial transfer and
between sensorial and motor modalities [50–53].
The notion of cerebral functional plasticity is important
from the very start of life; there is an individual functional
plasticity, providing abilities for adaptation and regulation,
that makes each individual unique. In this respect, “high-
level potentialities” or exceptionally able children could be
seen as having all sorts of potentialities available, and this
could be directly related on the one hand, to the organisa-
tion of these neurone networks functioning particularly in
intermodalitiesandontheotherhandtoconductionvelocity
rather fast.
Psychomotor development data is still rare, since “gifted”
children are generally noticed towards the end of their
primary schooling by IQ measurement. In a recent French
retrospective longitudinal studies [5], it has been obtained
data concerning the psychomotor development of “high-
potential” children (IQ ≥ 130 without signiﬁcant diﬀerence
between VIQ and PIQ) of a coming sample (n = 60) who at
birth presented no health problem and no diagnosed pathol-
ogy. It appears from this work that the particular maturity of
their neuromotor and neurosensory systems and active tone
enable early emergence of postural/locomotor acquisitions,
hand-to-eye coordination, language acquisitions [9, 54], and
cognitive processes, while it can be noted that this is in
no way predictive of what these functions will become at
school age. One of the oldest longitudinal studies [3] showed
a higher percentage of boys, a greater frequency of ﬁrst-
borns, a higher family sociocultural status, greater average
birth weight, and a larger number of breast-fed babies than
among families with children of average ability; it also found
advanced psychomotor development (including walking age
one month earlier than the average, language acquisition
three and a half months earlier than average, and early
acquisition of reading).
Certain other recent studies using retrospective surveys
report advances in walking and language acquisition [55,
56], while the study by Louis [33] found no signiﬁcant
diﬀerences between a sample of gifted children and a control
population. However, this study appears to present certain
methodological data collection biases [33] because the data
are collected on retrospective questionnaire.
The unique French longitudinal data [5]e v i d e n c eas p e -
ciﬁc pattern in developmental acquisitions among children
with “high-level potentialities.” Among newborn infants, it
was noted the ability for calm wakefulness of some duration
(more than 8 minutes) compared to the average duration for
newborn infants which is around 4 to 5 minutes according
to Monod and Curzi-Dascalova [57]. There is rapid response
to gaze and eye pursuit is good, through 90◦ to either side,
already close to continual pursuit, involving both the eyes
and the head. This exploratory mobility of the gaze gives
these newborn infants an alertness accompanied by a certain
sensitivity to all sensory perception in their environment
(auditory, visual, olfactory, etc.). When the observer seeks to
engage the gaze, there is a sort of livening of the infant’s gaze,
appearing to suggest particular alertness and attentional
focus (involving the reticular formation), and these is more
increase in adding the voice of the observer.
3.1. Neuro-Posturo-Locomotor Development. The newborn
posturalresponsesobtainedinthissamestudy[5]showwell-
established neuromotor maturity in the synergy between
extensor muscles (subcortex controlled) and ﬂexor muscles
(cortex controlled) strong axial tone enabling the child at
birth to hold its head in the axis for at least two seconds and
completely around one month. This marked maturation of
thevoluntarymovementpathwaysundergoingmyelinisation
is attested by other neonatal indicators in the course of the
ﬁrst month of life, such as the relaxing of the upper limbs
according to proximodistal criteria, active turning response
(limb coordination), the disappearance of archaic reﬂexes
(Moro reﬂex), walking reﬂex (around one month), and the
Babinski sign (around 12 months). These ﬁndings attest
an advance in cephalocaudal axial neuromotor maturation
and in proximodistal maturation continues through the ﬁrst
years of life, enabling the child to rapidly acquire levels
of coordination that will confer a degree of autonomy of
movement. Generally speaking, with respect to posturo-
locomotor acquisitions, it was noted an advance of at least
one to two months, or one to two standard deviations
above the average (see Table 1), these results being also
found in a recent national survey of over 725 “high-level
potentialities” children with 109 children prematurely born
[58,59].Therecanhoweverbeavariabilityaroundthemean,
so that it is possible that particular deviations may occur
in development, related to cooccurring sensory or motor
abnormalities [4].
The interpretation of these advances in motor matura-
tion among these children requires integration of several
factors: the child’s own motivation, his desire to make
body movements, move about, acquire autonomy, or acquire
power over his environment; there is also the child’s environ-
ment in itself, which can encourage and provide incentive, or
conversely put constraints on the child [24].
This neuro-posturo-locomotor precocity should be dis-
tinguished from the sensory/motor advance noted in African
children according to Vaivre-Douret [60] since this concerns
only certain items that are fostered by the context and by
cultural childcare practices and motor acquisitions that are
speciﬁc to expected cultural norms [61–66].
3.2. Cognitive Development
3.2.1. Before 4 Years. With regard to cognitive development
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Table 1: Comparison between observed motor development items in a sample of “high-potential” children followed longitudinally (n = 60)
(Vaivre-Douret) [5] and French developmental standardised norms in the ﬁrst two years of life [8, 9].
Items observed
(Vaivre-Douret) [5]
Sample (n = 60) mean age
and SD∗(months, weeks)
DEF-MOT norms (Vaivre-Douret) [8]
mean age and SD (months, weeks, days)
Brunet-L´ ezine norms revised [9]
success 50%–90% (months)
H o l d sh e a di na x i s 1m+1w 2m4d+1m1d 3m
Voluntary grasp 3m + 1w 4m10d+1m2d 4m
Turning overresponse 4m + 4w 6m10d+1m9d 8m
Sitting without support 6m + 3w 8m6d+1m2d 10m
Sits up alone 7m + 3w 8m24d+1m6d 10m
Stands up with support 8m + 4w 10m18d+1m18d 10m
Crawls 8m + 3w 10m12d+1m3d 9m
Takes bead between
thumbs and foreﬁnger 8m+2w 9m10d+1m6d 9m
Independent walking 12m + 4w 14m20d+2m6d 1 4m
Start eating with a spoonon
his own
12m + 2w 18m14d+1m2d 1 7m




16m + 3w 19m1d+1m2d —
T o w e ro fa tl e a s t8b r i c k s 2 3m+4w 29m1d+1m2d 3 0m
Climbs stairs alone without
support alternating feet
24m + 1w 34m1d+2m1d —
Puts slippers on without
help 24m + 3w 30m8d+1m5d 30m
Rides tricycle or bikewith
stabilisers
24m + 3w 36m3d+1m1d —
∗(Signiﬁcant items (Student’s t-test, liberty degree = 118), P<0.001, compared to motor development standardised norms).
Table 2: Mean ages obtained for oral and written language development in a sample of “high-potential” French children in the course of the
ﬁrst three years of life compared to Brunet-L´ ezine norms.
Mean age obtained on items observed (Vaivre-Douret) [5] Reference Brunet-L´ ezine EAP 1951 revised [9]
Babbling (consonants): mean 4 months + 3 weeks. 7 months 8 months
First words (at least three): mean 9 months + 1 week. 12 months 10–17 months
Repetition of words in exponential manner from 12 months ± 4 weeks 18 months 17 months
First phrase (association of two words): mean 18 months ± 2 weeks 21 months 20 months
Imitation animal noises: mean 22 months ± 2w e e k s — —
Accurate vocabulary, no baby talk language mature, easy, correct use of verb tenses: mean
22 months ± 2w e e k s ——
Early spontaneous identiﬁcations letters and ﬁgures in the environment: mean 24
months ± 4w e e k s ——
Enjoys giving synonyms or opposites: mean 28 months ± 4w e e k s — —
Uses “I” (ﬁrst person pronoun): mean 30 months ± 2 weeks 30 months 30 months
“Pretend” writing: mean 34 months ± 2w e e k — —
(—) No data from authors.
particular note (see Table 2), with babbling around four
months on average and the imitation of animal noises
around 22 months pointing to bucco-praxis skills. The ﬁrst
“sentence”appearsaround18months(theassociationoftwo
words). These children later clearly enjoy clarifying words
by series of synonyms, or opposites, or at a later stage by
creating transitional neologisms, for instance by analogy or
by playing on a concept. Mastery of language shows up
in ﬂuent use of words that are appropriate and therefore
deliberate, implicating the acquisition of notions of spatial
structuring (inside/outside, under/over, etc.) and of notions
of temporal structuring (fast/slowly, yesterday/tomorrow,6 International Journal of Pediatrics
etc.) as can be seen in the appropriate usage of adverbs, verb
tenses, and so forth. Later these children become curious of
their environment, for instance, seeking to identify letters at
an early age, recognising the written letters on posters and in
newspapers, and so forth. They take an early interest in the
meaningsofwordsandinreproducingletters,sothataround
34 months there are the beginnings of a form of spontaneous
“writing” although the letters are not yet known.
Lateral preference is established early [5], generally
around 30 to 46 months, with a tonic functional predom-
inance of the right half body. There appears to be a close
link between left hemisphere predominance involved in
the establishment of right-handed laterality and language
precocity.
Results of Vaivre-Douret’s study relating to cognitive
Piaget’s tests such as the Casati and L´ ezine test [67] show
that these children more rapidly reach maximum thresholds
of sensory-motor intelligence (0–24 months), on average
at least two months early. Likewise, these children perform
particularly well in perceptive visuospatial activities (picture
card matching, nested boxes, etc.).
With regard to executive functions [5], there is also an
advance of one or two years in age on average for planning
abilities [68].
It is striking that in the perceptive and cognitive ﬁelds all
sensory perception (epidermic, tactile, gustatory, olfactory,
auditory, and visual) appear particularly sharp, suggesting
highly developed endogenous mechanisms and great recep-
tiveness, enhancing sensory, emotional and aﬀective reactiv-
ity, and a form of intuition functioning like a “sixth sense”
thanks to intermodal abilities very sharp.
With regard to cognitive functioning, excellent informa-
tion-processing abilities can be noted (detection, perceptive
discrimination, storage, and recall). Analytical processes
are powerful (comparisons, matching features, and mental
conﬁguration). These abilities lead to ease and speed in
understanding that facilitate the working memory, immedi-
ate memory being prominent in their daily functioning, for
instance in what they observe (makes of cars, etc.). All of
thisendowsthemwithan“elephant’smemory”andan“eagle
eye” according to Vaivre-Douret [4].
These children, at a very early stage, look for strategies
enabling them to understand situations, a sort of self-
emulation functioning within their information processing
system that is essential to their personal investment, which
in return enables or facilitates the implementation of a
targeted function. Thus, at an early age in the course
of their psychomotor development, they may go through
the transitional stages of coordination by discovering for
themselves the strategies to achieve them, without those
around them realising it, and very quickly reach the stages
of sitting, standing, and walking.
They can thus appear very early on as being “into
everything,” eager, and curious, for instance, taking every
object apart and exhausting their parents, all the more so
because they are not interested in routine activities, they
prefer complex games, and later on intellectual challenges,
and they enjoy brain-teasers. They are always ready to exper-
iment and innovate, they have creative skills, in particular
in construction games, and, as early as two years of age,
they take an interest in life and earth sciences, astronomy,
metaphysics (life and death), and in books.
3.3. After 4 Years. If the stages of sensory-motor intelligence
appear to occur early in the development of gifted children,
achievements measured by Piaget-type formal operational
tests (preservation of matter, classiﬁcation, series, spatial
representation) appear to follow a development process
that runs closer to chronological age than to mental age,
according to research conducted in the 1980s [69–77]. It
thus appears that the rate of acquisition of the diﬀerent
developmental stages required for a certain skill can be faster
in gifted children by way of their particular learning abilities
and the implementation of a structural reorganisation,
without the child in fact reaching the next stage any earlier.
T h en e o - P i a g e ts c h o o l[ 78–81] suggests that other mental
processes are involved in controlling cognitive activity. This
appears clearly in instances where there is the need to take
account of perceptive criteria that are not familiar and that
require elaboration of spatial relationships starting from the
experience in hand. According to Lautrey [82], there may be
interindividual variation in the cognitive processes used in
the course of a Piaget-type task, and this variability could
be related to the cultural, socioeconomic, and educational
environment.
This leads us to wonder about this possible discontinuity
between sensory-motor stages reached quite early by these
children and the need to reach the chronological age to
realise operational potential. It is around 5 to 6 years that
this heterogeneity appears to come into play, and there may
be links with overinvestment of an intellectual nature, at the
expense, in particular, of bodily stimuli or manual activities




to Vaivre-Douret [4, 5], at an early age, it can be noted
that there is a fairly synchronous occurrence of functions
arising from psychomotor and psychological development
(motricity, language, socioaﬀective,and cognitive aspects).It
is on this basis that we question the notion of “asynchrony”
[12, 13] as a developmental trait among gifted children (i.e.,
the idea that intelligence, psychomotricity, aﬀectivity, and
sociability develop in a nonsynchronous manner). Indeed, if
asynchrony does occur, it seems to emerge at a later stage, at
school age, while previously psychomotor development was
not observed to be delayed. This could then correspond to
a deterioration of those functions that have not been used
and not recognised (socially by the family and/or school
and/or peers), or else it could result from the focalisation
of functioning on a single, hyperinvested domain such as
the cognitive domain, at the expense of the bodily and
motor domains. Critical periods [83] or periods that are
fertile in terms of incentive to learn can then to some
degree be by-passed. Thus nonused functions run the risk
of not developing suﬃciently in the neuro-physio-psycho-
social ﬁelds and lead on to malfunction, with possibleInternational Journal of Pediatrics 7
repercussions on intellectual eﬃcacy and the social and
emotional behaviour of the child. According to Vaivre-
Douret studies [4, 5, 58] on “high-potential” children, when
performanceIQ(subtestsrelatingtobodyimage,perception,
spatial structuring, ﬁne motor skills, lateralisation) show no
signiﬁcant diﬀerences in relation to verbal skill quotients,
the children show better abilities for adapting to school and
socially. Homogeneity between performance and verbal skill
quotients appears to be an indicator of a “protective” factor.
4. PsychoaffectiveDevelopment andBehaviour
Among “high-level potentialities” children, if we refer to the
main Freudian landmarks, the ﬁrst stages of psychoaﬀec-
tive development come in rapid succession in “high-level
potentialities” children, with a certain advance depending on
the responses of the environment [4, 84]. There is an early
awareness of the diﬀerences between the sexes and between
generations around 30 months. If the child is left alone
with his questionings, he is likely to experience a degree of
confusion or distress in coping with these ideas, which can
go as far as anxiety and lead to a depressive state or a denial
of his own feelings. Because of the nature of their cognitive
functioning, these children, as early as 3 years of age, possess
a well-focused critical and self-critical sense, which may even
be a hindrance or make them appear impertinent. They also
have a sense of humour, which is characteristic of intellectual
pleasure. In addition, they develop a form of generosity
towards others, based on empathy and their desire to be
accepted by sharing [4, 5].
With regard to sleep, signiﬁcant alterations did not note
to the sleeping/waking cycle according Vaivre-Douret’s study
[5]. However when learning diﬃculties of the attentional
or psychoaﬀective anxiety type occur, these children were
observedtohavediﬃcultygettingtosleeporwakingatnight,
and so forth. In a French national survey [58], at present
being processed, a very signiﬁcant statistical link between
attentional disorders and sleep disorders have evidenced.
Certain authors [85] have noted sleep disorders in a sample
of early developers which, according to their data, can be
linked to learning disabilities.
It is important to emphasise that these “high-level
potentialities” children have a highly active imagination
which can rapidly become a source of anxiety if they are not
reassured by their environment and if boundaries are not set.
If the family and/or school environment, or some
outside person, is not receptive to the child’s needs and
expectations—which may be completely out of step with
“standard” demands—the child will show his distress or
anxiety through behavioural or psychosomatic disorders,
and by a lack of interest for learning, sometimes going as far
as intellectual inhibition and reluctance to meet challenges.
All of this leads to mental suﬀering of the psychoaﬀective
type, generated by the inability to achieve fulﬁlment. If the
environment only retains the notion of the child’s advanced
statusinintellectualterms,drawingthechildinthisdirection
and only fuelling this aspect, and the child will become
“bulimic” in proportion to his abilities to respond to this
stimulation, triggering pleasure in this type of functioning
which is itself reinforced by the fascination and the positive
image of this pleasure experienced by the people in his
environment. This happens via a form of sublimation and
at the expense of his psychomotor and creative abilities, and
this will lead him to isolate himself in an intellectual bubble,
leaving the ﬁeld open to his all-powerful imagination in a
sort of “cognitive disharmony” as it has been termed by
Gibello [86].
The developmental data overall underlines the advan-
tages of instating prophylactic guidance for “high-potential”
subjects to accompany development in the psychomotor and
psychological spheres. Early guidance could indeed avoid
narcissistic withdrawal, behavioural deviance, and even
personality problems (such as substance abuse disorders)
or later decompensation episodes, in particular during ad-
olescence, in the form of aggressiveness tending towards
delinquency or depressive states accompanied by suicidal
attitudes, and so forth [5, 49].
A child carries with him an idealised self-based on
parentalimages,but“high-levelpotentialities” children,who
are highly empathetic, can form a hypertrophic “self-ideal”
so as not to disappoint those around them and take refuge
in intellectualisation. This sublimation becomes a defence
mechanism against failure anxieties in case of parental
inadequacy, whether conscious or unconscious. Thus, the
child will renounce his emotional impulses (anger, worries,
etc.) and his pleasures and fantasies by way of a sort of
sacriﬁce. He will take refuge in failure or boredom, which
can lead on to depression. Certain children settle into a sort
of renouncement or inhibition towards play, which develops
into a feeling of guilt that generates intractable anxiety.
Thus, the child may organise his own neurosis as a form
of defence, as seen in Rorschach’s projective tests. Lebovici
and Braunschweig [87], referring to the accumulation of
sterile encyclopedic knowledge in some children, express
surpriseinﬁndingobsessionalmechanismsthatwerealready
well structured in these subjects, without there being any
real anxiety. The study by Revol [88]e v i d e n c e sam a r k e d
trend to anxiety disorders in a population of early developers




A certain amount of work in the ﬁelds of neurophysiology,
neuropsychology, and anatomy aﬀords a better understand-
ing of the neurocognitive functioning of “high-level potenti-
alities” children.
The conduction velocity of nervous input has been
studied by way of auditory stimuli, and faster transmission
was shown for early developers compared with controls [89].
According to some work, the relative and actual duration
of REM sleep is greater among gifted children than among
controls [90, 91]. In addition, a higher frequency of eye
movement has been reported during REM sleep in this
population[92,93].ThisdataonREMsleeppointsoverallto
greatcerebralplasticityandfacilitationofmemoryprocesses.8 International Journal of Pediatrics
Alargeworkingmemorycapacityhasalsobeenshownacross
v a r i o u ss t u d i e s[ 94–97].
A link has been demonstrated between IQ and the
“g” (general) intelligence factor [98–102]. However several
studies on the speed of mental operations correlated with
intelligence have suggested that performance in a reaction
time task entails cognitive abilities, such as attentional
abilities [64, 103, 104] and working memory [95–97]. The
optimum use of these abilities enables better performance
in reasoning tasks [105, 106]. Studies on cerebral activity
using electroencephalograms suggest earlier physiological
maturation [105, 106] with a lower alpha rhythm [107, 108].
A certain number of studies in neuropsychology backed
up by cerebral imagery enhance understanding of the
speciﬁccharacteristicsofcognitivefunctioninginverybright
children: response in habituation tasks, for instance, is
faster [109, 110]. In addition, they have speciﬁc attentional
abilities [64, 103, 104] and are able to screen out unsuitable
information so as to avoid disturbance by perceptive distrac-
tors [111–113]. This leads certain researchers to conclude
that “high-potential” children could be using a mode of
information processing of the analogical type, enabling
them to establish links between situations [71, 73, 75, 114,
115]. Thus these children are seen as having a mode of
functioning that is diﬀerent in qualitative terms from that of
average children, with a faster processing speed on cognitive
problem-solving tasks [116–118], as well as particularly
marked learning abilities and an exceptional ability to
transfer solving methods to a new situation [73, 75].This
is thought to point to metacognitive abilities (knowledge
of one’s own mental functioning) in managing long-term
memory (meta-memory) enabling a wider knowledge base
than in other children by facilitating its encoding [115, 118–
120].
Certain authors [15] report a higher processing speed
that they think is linked to the qualitative attributes coming
into play in the processing of information (rich vocabulary
range, attentional abilities, memory, cognitive mobility, and
reasoning strategy, etc.). The prefrontal cortex (executive
functions) is partly in charge of implementing these func-
tions, which are mature in these subjects as can be seen
from the considerable abilities of particularly gifted children
in planning tasks, the Wisconsin classiﬁcation test [121],
and the completion of the Hanoi tower test [73, 115].
This implication of the prefrontal cortex is upheld by
work using positron emission tomography (PET). Thus, in
the study by Duncan et al. [122], it was observed that,
in verbal and nonverbal tasks in an IQ test (saturated
on nonverbal “g” factor), there was the activation of the
lateral frontal area in both cerebral hemispheres. Likewise,
another study [113] showed the activation of the left lower
prefrontal cortex using PET when linguistic abilities and
logical deduction were brought into play at the same time.
Further to this, recent studies on hemisphere specialisation
(dichoticlistening,mentalrotation,andfunctionalMRIwith
hierarchical verbal stimuli) showed a degree of hemispheric
equipotentiality in information processing for “high-level
potentialities” children compared to controls [123–125].
However, other studies tend to show a greater implication
of the right hemisphere among subjects particularly gifted in
mathematics [126–128]. There is also thought to be a genetic
factor determining the amount of grey matter in correlation
with IQ, or even the proportion of white matter, according
to Posthuma et al. [129]. Measurement of cerebral volume
using anatomical MRI conﬁrms this correlation between IQ
and the volume of grey matter [130].
Other studies in functional cerebral imagery using
positron emission tomography (PET) show lower glucose
consumption in the course of completion of verbal and
nonverbal tasks [131, 132]. It can be hypothesised that lesser
consumption of energy corresponds to a lesser activation
of neurone networks, meaning less energy is required to
complete cognitive tasks.
6.LearningDisabilities
On the basis of our clinical experience over the last 20 years
with “high-level potentialities” children, we have observed
that the existence of out-of-the-ordinary cognitive abilities
can also mask learning diﬃculties of neuropsychological
(Table 3) or psychopathological origin (Table 4).
More there is signiﬁcant diﬀerence between VIQ and
PIQ, more there are learning disabilities. In a recent study,
Loureiro et al. [133] have shown that highly gifted children
with ADHD have a particular neuropsychological proﬁle
with an important diﬀerence (at least 20 points) between
verbal IQ and performance IQ at Wechsler Intelligence Scale
for Children (WISC III) when compared to highly gifted
children without ADHD.
Boys seem to be more frequently aﬀected than girls
[24, 58]. Male precocity is therefore more vulnerable but
also carries a considerable advantage in the form of their
cerebral plasticity, with abilities for processing information
that enable them to use compensation or recovery strategies
in an eﬃcient manner.
Indeed, it has not been demonstrated that prevalence of
neuropsychological or neuropathological disorders among
“high-potential” children is any higher than for average
children [134, 135]. But the main diﬃculty resides in being
able to assess the boundaries between what is “normal”
and what is pathological, given the exceptional abilities
for cognitive functioning (processing) among very bright
subjects, where the strategies deployed can mask disorders
that are nevertheless present.
In attempts to describe students with learning disabilities
who are gifted for example, [136, 137], there is a lack of
consensus in the implications of giftedness and learning
disabilities.
7. Conclusion
Development data [5] evidences an advance in neurosenso-
ry-motor maturation among “high-level potentialities” chil-
dren, both in postural, motor, and locomotor acquisitions,
and in eye/motor coordination and attentional abilities.
These results point to the reticular formation coming into
play at an early stage in the form of awareness and attentionInternational Journal of Pediatrics 9
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Attention deﬁcit disorder/hyperactivity and impulsiveness
(ADD, ADDH, ADHD)
Attentional dominant and/or hyperactive and/or impulsive
dominant







and to rapid transmission speed of nerve input, as has been
corroborated by diﬀerent studies [89], leading to greater
processing speeds [73, 116, 117]. The conduction velocity
of nerve input could be related to speciﬁc conductivity
characteristics,whichcouldbeexplainedatoncebytemporal
characteristics of neurone decharging, linked to properties
of the membrane and the synapse, and by the myelin
surrounding the axons, combining to favour the speed of
transmission of the electric signal.
It can be hypothesised that these speciﬁc properties play
an important part in encoding for memorisation (“elephant”
memories among gifted children) and thus enable speciﬁc
learningabilitieswithsensorialor/andmotorintermodalities
and, then, an extensive cerebral plasticity. These learning
abilities are linked to processes of sensory integration, as
underlined by the work by Planche [73] and Geary and
Brown [138].
Table 4: Academic problems and behavioural and/or personality
disorders among “high-potential” children.
Underperforming, poor student
Lazy, lacking motivation
Identiﬁed disorders including dysgraphia, dyslexia, spelling
problems, dyspraxia, attentional disorders, hyperactivity,
and impulsiveness
Intellectual/psychomotor/aﬀective dyssynchrony












Delinquency, drug, and alcohol abuse
Megalomaniac trends
Diﬃculties of eye contact and diﬃcult relationships
(borderline psychotic)
Depressive and suicidal tendencies
Identity disorders
Self-harm (mental or physical)
Themyelinsheathisaverygoodinsulantforconduction,
avoiding loss of the nerve input, and thus enabling the
concentration of energy expenditure, which could explain
the lower glucose consumption observed. This would mean
that brain activity is more targeted, calling on only those
regions required for processing the task, and thus decreasing
energy demand in the brain metabolism, according to
Neubauer [139]. This speciﬁcity relating to conductivity
could account for high perceptive performances among these
children (eagle eyes, ﬁne hearing, etc.) by the fact that it
activates more speciﬁc connections between neurones in
both hemispheres of the brain, which themselves call upon
speciﬁc neurone networks conﬁgured into populations or
groups of neurones (functional architecture) according to
neuroscience models [140].
The “high-level potentialities” child could thus possess
a speciﬁc form of cerebral functioning with a large infor-
mation processing capacity at his disposal, which gives him
great ﬂexibility, considerable advantages in terms of learning
abilities,andgreatercerebralplasticitythantheaveragechild.
A recent research [59], in addition to this, shows an
advance in neonatal anthropometric development (stature,
weight, head circumference) for very gifted children born
prematurely, whatever the gestational age. The results high-
light a high proportion of hypertrophic premature infants in
a sample of “high-level potentialities” children. Genetic and10 International Journal of Pediatrics
biologic factors could contribute in consequent manner to
the features of this population of “high-level potentialities”
children. Indeed, research is beginning to identify speciﬁc
genesthatgovernthestrongprobabilityforaphenotypesuch
as particular cognitive ability to be transferred by genetic
factors [141–144].
The contributions of all the work set out in this
article point to the need to conduct ﬁne analysis of the
heterogeneous cognitive proﬁles of “high-level potential-
ities” children from a very early age and to realise the
importance of preserving developmental continuity for the
diﬀerent functions, since these can prove very vulnerable,
with the risk of becoming dissociated at a later stage on
account of a speciﬁc plasticity, favourable or unfavourable
environments (family, school, peers), or neuropsychological
or neuropathological disorders that may develop [145]. It
is important to take these factors into account to achieve
fulﬁlment of the child’s high potential, and to ensure that the
child can invest his knowledge and skills in the best possible
conditions, managing his impulses in a suitable manner, and
identifying with a Self other than the idealised self-mediated
by parental image.
While a biological superiority appears to occur among
gifted children, favourable conditions in the child’s envi-
ronment (sociocultural, educational, socioaﬀective, etc.) and
good physical and mental health foster the realisation of
the child’s “high-level potentialities” or exceptional ability,
and this is then accompanied by harmonious development
of the personality. High-parental socioprofessional status is
widely pinpointed in studies on high IQ populations [146,
147]. Moreover, the study of Vaivre-Douret [59] shows that,
among children identiﬁed as gifted at school age, compared
to those born full term, preterm infants showed a signiﬁcant
relationship between homogeneity in anthropometric vari-
ables and future motor and intellectual development when
these children were exposed to a favourable perinatal envi-
ronment (few pregnancy complications) and a favourable
postnatal parental socioprofessional environment.
Indeed, intellectual superiority, as Ajuriaguerra [14], re-
marked does not necessarily lead to success in life: success
needs to extend to the social, educational, professional, and
aﬀective spheres.
Acknowledgments
The preparation of this paper was supported in part by
National Institute of Health and Medical Research Unit 669
(INSERM, Paris, France). The authors also thanks Angela
Verdier for her editing assistance.
References
[1] C. Lombroso, The Man of Genius, Scott, London, UK, 1891.
[2] F. Galton, Hereditary Genius, Horizon Press, New York, NY,
USA, 1952.
[ 3 ]L .M .T e r m a n ,Mental and Physical Traits of a Thousand
Gifted Children: Genetic Studies of Genius, vol. 1, Standfort
University Press, Standfort, Calif, USA, 1925.
[4] L. Vaivre-Douret, “Le d´ eveloppement de l’enfant aux “apti-
tudes hautement performantes” (surdou´ es): importance
des fonctions neuropsychomotrices,” Approche Neuropsy-
chologique des Apprentissages chez l’Enfant, vol. 67, pp. 95–
100, 2002.
[5] L. Vaivre-Douret, “Les caract´ eristiques d´ eveloppementales
d’un ´ echantillon d’enfants tout venant ` a “hautes poten-
tialit´ es” (surdou´ es): suivi prophylactique,” Neuropsychiatrie
de l’Enfance et de l’Adolescence, vol. 52, pp. 129–141, 2004.
[6] WPPSI, Wechsler Preschool and Primary School Intelligence
Scale (Echelle d’Intelligence de Wechsler pour la P´ eriode Pr´ e-
Scolaire et Primaire), Centre de Psychologie Appliqu´ ee, Paris,
Farnce, 3rd edition, 2004.
[7] WISC-IV, Weschler Intelligence Scale for Children (Echelle
d’Intelligence de Wechsler pour Enfants et Adolescents),C e n t r e
de Psychologie Appliqu´ ee, Paris, Farnce, 4th edition, 2005.
[8] L. Vaivre-Douret, Pr´ ecis Th´ eorique et Pratique du
D´ eveloppement Moteur, Edition du Centre de Psychologie
Appliqu´ ee, Paris, Farnce, 2nd edition, 2004.
[9] I. Brunet-L´ ezine, E c h e l l ed eD ´ eveloppement Psychomoteur de
la Premi` ere Enfance R´ evis´ ee [Revised Scale of Psychomotor
Development of Infancy], Editions du Centre de Psychologie
Appliqu´ ee, Paris, Farnce, 2001.
[10] W. Stern, “The supernormal child,” Journal of Educational
Psychology, vol. 2, no. 3, pp. 143–149, 1911.
[11] WAIS-III, Weschler Adult Intelligence Scale (Echelle d’Intel-
ligence de Wechsler pour Adultes), Centre de Psychologie
Appliqu´ ee, Paris, Farnce, 3rd edition, 2000.
[12] J. C. Terrassier, “Le syndrome de dyssynchronie,” Neuropsy-
chiatrie de l’Enfance et de l’Adolescence, vol. 10, pp. 445–450,
1979.
[13] J. C. Terrassier, Les Enfants Surdou´ es ou la Pr´ ecocit´ eE m ba rr a s -
sante, ESF, Paris, Farnce, 4th edition, 1999.
[14] J. de Ajuriaguerra, “Probl` emes psychosociologiques pos´ es
par les enfants ‘surdou´ es’,” in Psychiatrie de l’Enfant,J .d e
Ajuriaguerra, Ed., pp. 929–930, Masson et Cie, Paris, Farnce,
2nd edition, 1974.
[15] J. P. Delaubier, “La scolarisation des enfants intellectuellem-




ogie de l’Enfant, Tome III. Les D´ eﬁcients Mentaux et les Bien-
Dou´ es Psychologie Diﬀ´ erentielle des Sexes,L .C a r m i c h a e l ,E d . ,
p. 1401, Presses Universitaires de France, Paris, Farnce, 1952.
[17] J. S. Renzulli and S. M. Reis, The Schoolwide Enrichment
Model: A Comprehensive Plan for Educational Excellence,
Creative Learning Press, Mansﬁeld Center, Conn, USA, 1985.
[18] R. J. Sternberg, The Triarchicmind: A New Theory of Human
Intelligence, Viking-Penguin, New York, NY, USA, 1988.
[19] R. J. Sternberg, “The theory of successful intelligence,”
Review of General Psychology, vol. 3, no. 4, pp. 292–316, 1999.
[20] C. Spearman, “General intelligence objectively measured and
determined,” The American Journal of Psychology, vol. 15, pp.
201–209, 1904.
[21] C. Spearman, The Abilities of Man: Their Nature and Mea-
surement, The Macmillan Company, New York, NY, USA,
1927.
[22] S. P. Marland, “Education of gifted and talented,” (report
to the Subcommittee on Education, Committee on Labor
and Public Welfare, U.S. Senate), U.S. Government Printing
Oﬃce, Washington, DC, USA, 1972.
[23] H. Gardner, Frame of Mind: The Theory of Multiple Intelli-
gences, Basic Book, New York, NY, USA, 1983.International Journal of Pediatrics 11
[24] L. Vaivre-Douret, “Les surdou´ es,”inLesTroublesd’Apprentis-
sage chez l’Enfant, un Probl` eme de Sant´ eP u b l i q u e ?L. Vaivre-
Douret and A. Turtz, Eds., pp. 26–34, Revue du Haut Comit´ e
de Sant´ e Publique, Paris, Farnce, 1999.
[25] T .I.L ubartandA.S.Geo rgsd ottir ,“ C r´ eativit´ e,hautpotentiel
et talent,” Psychologie Franc ¸aise, vol. 49, no. 3, pp. 277–291,
2004.
[26] J. P. Guilford, “Varieties of creative giftedness: their measure
and development,” Gifted Child Quarterly, vol. 19, pp. 107–
121, 1975.
[27] E. P. Torrance, Tests de Pens´ ee Cr´ eative, Centre de Psychologie
Appliqu´ ee, Paris, Farnce, 1972.
[28] T. I. Lubart, C. Mouchiroud, S. Tordjman, and F. Zenasni,
Psychologie de la Cr´ eativit´ e, Colin, Paris, Farnce, 2003.
[29] J. S. Renzulli, “A pratical system for identifying gifted and
talented students,” in Scale for Rating Behavioural Charac-
teristics of Superior Students (Revised Edition). Technical and
Administration Manual, J. S. Renzulli, L. H. Smith, A. J.
White, C. M. Callahan, R. K. Hartman, and K. L. Westberg,
Eds., Creative Learning Press, Mansﬁeld Center, Conn, USA,
1997.
[30] H. H. H. Mueller, U. N. Dash, D. W. Matheson, and R. H.
Short,“WISC-Rsubtestpatterningofbelowaverage,average,
and above average IQ children: a meta-analysis,” Alberta
Journal of Educational Research, vol. 30, pp. 68–85, 1984.
[31] A.Bessou,C.Montlahuc,J.Louis,P.Fourneret,andO.R´ evol,
“Proﬁl psychom´ etrique de 245 enfants intellectuellement
pr´ ecoces au WISC-III,” Approche Neuropsychologique des
Apprentissages chez l’Enfant, vol. 81, pp. 23–28, 2005.
[32] C. L. Hollinger and S. Kosek, “Beyond the use of full scale IQ
scores,” Gifted Child Quarterly, vol. 30, pp. 74–77, 1986.
[33] J. Louis, O. Revol, C. Nemoz, R. M. Dulac, and P. Fourneret,
“Les facteurs psychophysiologiques de la pr´ ecocit´ e intel-
lectuelle: r´ esultats d’une enquˆ ete comparative chez l’enfant
entre 8 ans et 11 ans,” Archives de P´ ediatrie,v o l .1 2 ,n o .5 ,p p .
520–525, 2005.
[34] J. R. Flynn, “The mean IQ of Americans: a massive gains
1932 to 1978,” Psychological Bulletin, vol. 95, no. 1, pp. 29–
51, 1984.
[35] J. R. Flynn, “Massive IQ gains 14 nations: what intelligence
tests measure?” Psychological Bulletin, vol. 101, no. 2, pp.
171–191, 1987.
[36] A. W. Gottfried, A. E. Gottfried, K. Bathurst, and D. Wright-
Guerin, Gifted IQ: Early Developmental Aspects, the Fullerton
Longitudinal Study, Plenum, New York, NY, USA, 1994.
[37] M. Schiﬀ,M .D u y m e ,A .D u m a r e t ,J .S t e w a rt ,S .T o m k i e wi c z ,
and J. Feingold, “Intellectual status of working class children
adopted early in upper-class families,” Science, vol. 200, pp.
1503–1504, 1978.
[38] J. M. Tuma, A. S. Appelbaum, and D. E. Bee, “Comparability
oftheWISCandtheWISC-Rinnormalchildrenofdivergent
socioeconomic backgrounds,” Psychology in the Schools, vol.
15, pp. 339–346, 1978.
[39] F. Vallot, Enquˆ ete Nationale sur le Niveau Intellectuel des
Enfants d’ˆ Age Scolaire, Travaux et Documents, Cahier no. 64,
PUF, Paris, Farnce, 1973.
[40] B. S. Bloom, Developing Talent in Young People, Ballantine,
New York, NY, USA, 1985.
[41] D. H. Feldman and L. T. Goldsmith, Nature’s Gambit: Child
Prodigies and the Development of Human Potential,T e a c h e r s
College Press, New York, NY, USA, 1991.
[42] D. H. Feldman, “A developmental framework for research
with gifted children,” New Directions for Child Development,
vol. 17, pp. 31–45, 1982.
[43] D. H. Feldman, “The theory of co-incidence: how giftedness
develops in extreme and less extreme cases,” in Proceedings of
the 9th World Conference on Gifted and Talented Children—
TalentfortheFuture,W.PetersandF.Monks,Eds.,pp.10–22,
Van Gorcum, Assen, Pays-Bas, 1992.
[44] J. S. Renzulli, “What makes giftedness? Re-examining a
deﬁnition,” Philadelphia Delta Kappan, vol. 60, pp. 180–184,
1978.
[45] J. S. Renzulli, “Emerging conceptions of giftedness: building
a bridge to the new century,” Exceptionality, vol. 10, pp. 67–
75, 2002.
[46] R. J. Sternberg, “Giftedness as developing expertise: a theory
of the interface between high abilities and achieved excel-
lence,” High Ability Studies, vol. 12, no. 2, pp. 159–179, 2001.
[47] R. J. Sternberg, “WICS as a model of giftedness,” High Ability
Studies, vol. 14, no. 2, pp. 109–137, 2003.
[48] A. J. Tannenbaum, “Giftedness: a psychosocial approach,” in
Conceptions of Giftedness,R .J .S t e r n b e r ga n dJ .E .D a v i d s o n ,
Eds., pp. 21–51, Cambridge University Press, New York, NY,
USA, 1986.
[49] L.Vaivre-Douret,“Pointdevued´ eveloppementalsurl’enfant
` a “hautes potentialit´ es” (surdou´ e),” Journal of Pediatrics
Pu´ ericulture, vol. 17, no. 5, pp. 254–261, 2004.
[50] K. Ennouri and H. Bloch, “Visual control of hand approach
movements in new-borns,” The British Journal of Develop-
mental Psychology, vol. 14, pp. 327–338, 1995.
[51] A. N. Meltzoﬀ and M. K. Moore, “Newborn infants imitate
adult facial gestures,” Child Development, vol. 54, pp. 702–
709, 1977.
[52] C. Sann and A. Str´ eri, “Perception of object shape and
texture in newborn infants: evidence from cross-modal
tasks,” Developmental Science, vol. 10, no. 3, pp. 398–409,
2007.
[53] E.S.Spelke,“Exploringaudibleandvisibleeventsininfancy,”
in Perception and Its Development: A Tribute to Eleanor,J .
Gibson and A. D. Pick, Eds., Erlbaum, Hillsdale, NJ, USA,
1979.
[54] L. Vaivre-Douret, “DEF-MOT, normes du d´ eveloppement
fonctionnel posturo-moteur, locomoteur et de la coordi-
nation visuo-manuelle,” in Pr´ ecis Th´ eorique et Pratique du
D´ eveloppement Moteur du Jeune Enfant: Normes et Disper-
sions, L. Vaivre-Douret, Ed., p. 117, Elsevier, Paris, Farnce,
1997.
[55] A. Bessou and M. Yziquel, “Enquˆ ete aupr` es de l’Association
d’Aide ` a la Reconnaissance des Enfants Intellectuellement
Pr´ ecoces (AAREIP),” Approche Neuropsychologique des Ap-
prentissages chez l’Enfant, vol. 67, pp. 125–131, 2002.
[56] F. D’Agostino, C. H. Bammatter, and M. Hubeaux, “L’enfant
` a haut potentiel intellectuel: du d´ epistage aux reconnais-
sances de la famille et ` al ’ ´ ecole,” Actes du Deuxi` eme Congr` es
de l’Association Suisse des Enfants Pr´ ecoces (ASEP), 2001.
[57] N. Monod and L. Curzi-Dascalova, “Les ´ etats transitionnels
de sommeil chez le nouveau-n´ e ` at e r m e , ”Revue d’Electroen-
c´ ephalogramme de Neurophysiologie, vol. 3, pp. 87–96, 1973.
[58] L. Vaivre-Douret, “Developmental characteristics of “high-
level potentialities children” (gifted),” Actes du Congr` es In-
ternational de la Soci´ et´ eF r a n c ¸aise de Psychologues et de
Psychologie sur l’Intelligence de l’Enfant, Paris, France, p. 14,
2005.
[59] L. Vaivre-Douret, C. Lalanne, C. Charlemaine et al., “Rela-
tionship between growth status at birth and motor and
cognitivedevelopmentinaFrenchsampleofgiftedchildren,”
European ReviewofAppliedPsychology, vol. 60, pp. 1–9, 2010.12 International Journal of Pediatrics
[60] L. Vaivre-Douret, “Les caract´ eristiques pr´ ecoces des enfants ` a
hautes potentialit´ es,” Journal Franc ¸ais de Psychiatrie, vol. 18,
pp. 33–35, 2003.
[ 6 1 ]B .B r i la n dH .L e h a l l e ,Le D´ eveloppement Psychologique Est-
Il Universel? Approches Interculturelles, PUF, Paris, Farnce,
1988.
[62] P. L. Kilbride, “Sensori-motor behaviour of Baganda and
Samia infants: a controlled comparison,” Journal of Cross-
Cultural Psychology, vol. 11, pp. 131–152, 1980.
[63] C.M.Super,“Environmenteﬀectonmotordevelopment:the
caseofAfricaninfantprecocity,”DevelopmentalMedicineand
Child Neurology, vol. 18, no. 5, pp. 561–567, 1976.
[64] C. M. Super, “Behavioural development in infancy,” in
Handbook of Cross-Cultural Human Development,R .H .
Munroe, R. L. Munroe, and B. B. Whiting, Eds., Garland,
New York, NY, USA, 1981.
[65] N. Warren and J. M. Parkin, “A neurological and behavioral
comparison of African and European newborns in Uganda,”
Child Development, vol. 45, no. 4, pp. 966–971, 1974.
[66] E.E.Werner,“Infantaroundtheworld:cross-culturalstudies
of psychomotor development from birth to two years,”
Journal of Cross-Cultural Psychology, vol. 3, pp. 111–134,
1972.
[67] I. Casati and I. L´ ezine, Les ´ Etapes de l’Intelligence Sensori-
Motrice, Edition du Centre de Psychologie Appliqu´ ee, Paris,
Farnce, 1968.
[68] S. D. Porteus, Test des Labyrinthes, Les Editions du Centre de
Psychologie Appliqu´ ee, Paris, Farnce, 1952.
[69] A. I. Brown, “Conservation of number and continuous
quantity in normal, bright and retarded children,” Child
Development, vol. 44, no. 2, pp. 376–379, 1973.
[70] R.Devries,“Relationshipsamongpiagetian,IQ,andachieve-
ment assessments,” Child Development,v o l .4 5 ,n o .3 ,p p .
746–756, 1974.
[71] R. P. Ferretti and E. C. Butterﬁeld, “Intelligence-related dif-
ferences in the learning, maintenance, and transfer of
problem-solving strategies,” Intelligence,v o l .1 6 ,n o .2 ,p p .
207–223, 1992.
[72] A. Little, “A longitudinal study of cognitive development in
young children,” Child Development, vol. 43, pp. 1025–1034,
1972.
[73] P. Planche, “Modalit´ es fonctionnelles et conduites de
r´ esolution de probl` eme chez des enfants pr´ ecoces de cinq, six
et sept ans d’ˆ age chronologique,” Archives de Psychologie, vol.
53, pp. 411–415, 1985.
[74] P. Planche, “Pr´ ecocit´ e intellectuelle: fonctionnement cognitif
etdysharmonie.ActesduXXVI` emeCongr` esInternationalde
Psychologie ` aM o n t r´ eal,” International Journal of Psychology,
vol. 31, p. 371, 1996.
[75] P. Planche, “Etude comparative d’enfants “pr´ ecoces” et
d’enfants “moyens” face ` a une ´ e p r e u v ed ed ´ ecentration
spatio-cognitive,” in Psychologie et Diﬀ´ erences Individuelles:
Questions Actuelles, J. Juhel, T. Marivain, and G. Roussel,
Eds., pp. 133–138, Presses Universitaires de Rennes, Rennes,
Farnce, 1997.
[76] P. Planche, “La construction des notions spatiales chez les
enfants intellectuellement pr´ ecoces, ˆ ag´ es de 6 ` a8a n s , ”
Enfance, vol. 2, pp. 159–171, 1998.
[77] R. A. Webb, “Concrete and formal operations in very bright
6 to 11 year olds,” Human Development,v o l .1 7 ,n o .4 ,p p .
292–300, 1974.
[78] R. Case, “Neo-piagetian theory: retrospect and prospect,”
International Journal of Psychology, vol. 22, pp. 773–791,
1987.
[79] K. W. Fischer, “A theory of cognitive development: the con-
trol and construction of hierarchies of skills,” Psychological
Review, vol. 87, no. 6, pp. 477–531, 1980.
[80] J. Pascual-Leone, “A mathematical model for the transition
rule in Piaget’s developmental stages,” Acta Psychologica, vol.
32, pp. 301–345, 1970.
[81] J. Pascual-Leone, “Organismic processes for neo-piagetian
theories: a dialectical causal account of cognitive develop-
ment,” International Journal of Psychology, vol. 22, pp. 531–
570, 1987.
[82] J. Lautrey, Classe Sociale, Milieu Familial, Intelligence,P U F ,
Paris, Farnce, 1980.
[83] J.P.Changeux,L’Inn´ eetl’AcquisdanslaStructureduCerveau.
La Recherche en Neurobiologie, Seuil, Paris, Farnce, 1977.
[84] A. Adda, Le Livre de l’Enfant Dou´ e, Editions Solar, Paris,
Farnce, 1999.
[85] J. Louis, O. Revol, F. Noir, F. De Magneval, M. T. Amato, and
P. Fourneret, “Sommeil et pr´ ecocit´ e,” Approche Neuropsy-
chologique des Apprentissages chez l’Enfant, vol. 73, pp. 151–
158, 2003.
[86] B. Gibello, L’Enfant ` a l’Intelligence Troubl´ ee,P a ¨ ıdos le Centu-
rion, Paris, Farnce, 1984.
[87] S. Lebovici and D. Braunschweig, “A propos de la n´ evrose
infantile,” Psychiatrie de l’Enfant, vol. 10, pp. 43–122, 1967.
[88] O. Revol, J. Louis, and P. Fourneret, “Les troubles du com-
portementdel’enfantpr´ ecoce,”ApprocheNeuropsychologique
des Apprentissages chez l’Enfant, vol. 67, pp. 120–124, 2002.
[89] H. J. Eysenck, “The psychophysiology of intelligence,” in
Advances on Personality Assessment, C. D. Spielberger and J.
N. Butcher, Eds., vol. 1, Lawrence Erlbaum, Hillsdale, NJ,
USA, 1982.
[90] J. C. Grubar, “Sommeil et eﬃcience mentale: sommeil et
pr´ ecocit´ e intellectuelle,” in La Pr´ ecocit´ e Intellectuelle, de la
Mythologie ` al aG ´ en´ etique,J .C .G r u b a r ,M .D u y m e ,a n dS .
Cˆ ote, Eds., pp. 83–90, Mardaga, Belgique, 1997.
[91] J. Huon, “Le sommeil des sujets ` a quotient intellectuel
´ elev´ e,” Electroencephalography and Clinical Neurophysiology,
vol. 52S, 128, 1981.
[92] O. P` etre-Quadens, “Contribution ` al ’ ´ e t u d ed el ap h a s e
dite paradoxale du sommeil,” Acta Neurological Psychiatrica
Belgica, vol. 69, no. 10, pp. 769–798, 1969.
[93] O. P` etre-Quadens, “Sleep in mental retardation,” in Sleep
and the Maturing Nervous System, D. P. Purpura and F. E.
Mayer, Eds., pp. 229–249, Academic Press, New York, NY,
USA, 1972.
[94] De Groot, Statistiche redundanzbildungsprocesse, in ihrer
beziehung zu intelligenz, Diplomarbeit am Psychomogis-
chen, Institut Von Universit¨ at Erlangen, 1974.
[95] F. N. Dempster, “Inhibitory processes: a negleted dimension
of intelligence,” Intelligence, vol. 15, no. 2, pp. 157–173, 1991.
[96] M. A. Just and P. A. Carpenter, “A capacity theory of
comprehension: individual diﬀerences in working memory,”
Psychological Review, vol. 99, no. 1, pp. 122–149, 1992.
[97] R. Kail, “Processing time declines exponentially during
childhood and adolescence,” Developmental Psychology, vol.
27, no. 2, pp. 259–266, 1991.
[98] H. Davis and M. Anderson, “Developmental and individual
diﬀerences in ﬂuid intelligence: evidence against the unidi-
mensional hypothesis,” The British Journal of Developmental
Psychology, vol. 19, no. 2, pp. 181–206, 2001.
[99] A. R. Jensen, “The chronometry of intelligence,” in Advances
in Research on Intelligence, R. J. Stenberg, Ed., vol. 1, pp. 242–
267, Erlbaum, Hillsdale, NJ, USA, 1982.International Journal of Pediatrics 13
[100] A. R. Jensen, “The suppressed relationship between IQ and
the reaction time slope parameter of the Hick function,”
Intelligence, vol. 26, no. 1, pp. 43–52, 1998.
[101] T. Nettelbeck, “Jensen’s chronometric research: neither sim-
ple nor suﬃcient but a good place to start,” Intelligence, vol.
26, no. 3, pp. 233–241, 1998.
[102] A. C. Neubauer and E. Knorr, “Three paper-and-pencil tests
forspeedofinformationprocessing:psychometricproperties
and correlations with intelligence,” Intelligence, vol. 26, no. 2,
pp. 123–151, 1998.
[103] M. Anderson, “Inspection time and IQ in young children,”
Personality and Individual Diﬀerences, vol. 7, no. 5, pp. 677–
686, 1986.
[104] A. D. Baddeley and G. Hitch, “Working memory,” in The
Psychology of Learning and Motivation,G .H .B o w e r ,E d . ,p p .
47–90, Academic Press, New York, NY, USA, 1974.
[105] A. F. Fry and S. Hale, “Processing speed, working memory,
and ﬂuid intelligence: evidence for a developmental cascade,”
The American Psychologist Society, vol. 7, pp. 237–241, 1996.
[106] A. F. Fry and S. Hale, “Relationships among processing
speed, working memory, and ﬂuid intelligence in children,”
Biological Psychology, vol. 54, pp. 1–34, 2000.
[107] N. Jauˇ sovec, “Diﬀerences in EEG alpha activity related to
giftedness,” Intelligence, vol. 23, no. 3, pp. 159–173, 1996.
[108] E. A. Joel, M. W. O’Boyle, and C. P. Benbow, “Developmen-
tally advanced EEG alpha power in gifted male and female
adolescents,” International Journal of Psychophysiology, vol.
23, no. 1-2, pp. 25–31, 1996.
[109] M. H. Bornstein and M. D. Sigman, “Le d´ eveloppement de
l’intelligence chez les enfants: nouvelles recherches sur la
‘continuit´ e’,” Ann´ ee Psychologique, vol. 85, pp. 383–394, 1985.
[110] M. H. Bornstein and M. D. Sigman, “Continuity in mental
development from infancy,” Child Development, vol. 57, no.
2, pp. 251–274, 1986.
[111] K. K. Harnishfeger and D. F. Bjorklund, “A developmental
perspective on individual diﬀerences in inhibition,” Learning
and Individual Diﬀerences, vol. 6, no. 3, pp. 331–355, 1994.
[112] O. Houd´ e, Rationalit´ e, D´ eveloppement et Inhibition. Un
Nouveau Cadre d’Analyse, PUF, Paris, Farnce, 1995.
[113] O. Houd´ e, L. Zago, E. Mellet et al., “Shifting from the
p e r c e p t u a lb r a i nt ot h el o g i c a lb r a i n .T h en e u r a li m p a c to f
cognitive inhibition training,” Journal of Cognitive Science,
vol. 12, pp. 721–728, 2000.
[114] J. Lautrey, A. De Ribaupierre, and I. Riben, “Les diﬀ´ erences
dans la forme du d´ eveloppement cognitif ´ evalu´ ea v e cl e s
´ epreuves piag´ etiennes: une application de l’analyse des
correspondances,”CahiersdePsychologieCognitive,vol.6,pp.
575–613, 1986.
[115] P. Planche, “Le fonctionnement et le d´ eveloppement cognitif
de l’enfant intellectuellement pr´ ecoce,” Ann´ ee Psychologique,
vol. 100, no. 3, pp. 503–525, 2000.
[116] D. F. Bjorklund, W. Schneider, W. S. Cassel, and E. Ashley,
“Training and extension of a memory strategy: evidence for
utilization deﬁciencies in the acquisition of an organizational
strategy in high- and low-IQ children,” Child Development,
vol. 65, no. 3, pp. 951–965, 1994.
[117] S. J. Cohn, J. S. Carlson, and A. R. Jensen, “Speed of infor-
mation processing in academically gifted youths,” Personality
and Individual Diﬀerences, vol. 6, no. 5, pp. 621–629, 1985.
[118] J. F. Gaultney, D. F. Bjorklund, and D. Goldstein, “To
be young, gifted, and strategic: advantages for memory
performance,” Journal of Experimental Child Psychology, vol.
61, no. 1, pp. 43–66, 1996.
[119] W.Schneider,J.Korkel,andF.E.Weinert,“Theeﬀectofintel-
ligence self-concept and attributional style on metamemory
and memory behaviour,” InternationalJournalofBehavioural
Development, vol. 10, pp. 281–299, 1987.
[120] I. Swanson, “The relationship between metacognition and
problem-solving in gifted children,” Roeper Review, vol. 15,
pp. 43–48, 1992.
[121] S. Arﬀa, M. Lovell, K. Podell, and E. Goldberg, “Wisconsin
card sorting test performance in above and superior school
children: relationship to intelligence and age,” Archives of
Clinical Neuropsychology, vol. 13, no. 8, pp. 713–720, 1998.
[122] J. Duncan, R. J. Seitz, J. Kolodny et al., “A neural basis for
general intelligence,” Science, vol. 289, no. 5478, pp. 457–460,
2000.
[123] M. W. O’Boyle and C. P. Benbow, “Enhanced right hemi-
sphere involvement during cognitive processing may relate
to intellectual precocity,” Neuropsychologia,v o l .2 8 ,n o .2 ,p p .
211–216, 1990.
[124] M. W. O’Boyle, D. Vaughan, R. Cunnington, A. Puce,
S. Syngeniotis, and G. Egan, “3-Dimensional rotation in
mathematically gifted adolescents: an fMRI investigation,”
NeuroImage, vol. 16, p. S673, 2002.
[125] H. Singh and M. W. O’Boyle, “Interhemispheric interac-
tion during global-local processing in mathematically gifted
adolescents, average-ability youth and colleges students,”
Neuropsychology, vol. 18, no. 2, pp. 371–377, 2004.
[126] C. P. Benbow, “Physiological correlates of extreme intellec-
tual precocity,” Neuropsychologia, vol. 24, no. 5, pp. 719–725,
1986.
[127] C. P. Benbow, “Sex diﬀerences in mathematical reasoning
ability in intellectually talented preadolescents: their nature,
eﬀects, and possible causes,” Brain, Behaviour and Science,
vol. 11, pp. 132–169, 1988.
[128] M. W. O’Boyle, “A new millennium in cognitive neuropsy-
chology research: the era of individual diﬀerences?” Brain
and Cognition, vol. 42, no. 1, pp. 135–138, 2000.
[129] D. Posthuma, E. J. C. DeGeus, W. F. C. Baare, H. E. Hul-
shoﬀpol, R. S. Kahn, and D. I. Boomsma, “The association
between brain volume and intelligence is of genetic origin,”
Nature Neuroscience, vol. 5, pp. 83–84, 2002.
[130] M. Wilke, J. H. Sohn, A. W. Byars, and S. K. Holland, “Bright
spots:correlationsofgraymattervolumewithIQinanormal
pediatric population,” NeuroImage, vol. 20, no. 1, pp. 202–
215, 2003.
[131] R. J. Haier, B. V. Siegel, K. H. Nuechterlein et al., “Cortical
glucose metabolic rate correlates of abstract reasoning and
attention studied with positron emission tomography,” Intel-
ligence, vol. 12, no. 2, pp. 199–217, 1988.
[132] R. W. Parks, D. A. Loewenstein, K. L. Dodrill et al., “Cerebral
metabolic eﬀects of a verbal ﬂuency test: a PET scan study,”
Journal ofClinicaland ExperimentalNeuropsychology, vol.10,
no. 5, pp. 565–575, 1988.
[133] I. Simoes Loureiro, L. Lowenthal, L. Lefebvre, and L. Vaivre-
Douret, “Le trouble d´ eﬁcitaire de l’attention chez l’enfant
` ah a u tp o t e n t i e l :´ etude exploratoire,” Approche Neuropsy-
chologique des Apprentissages chez l’Enfant, vol. 101, pp. 317–
322, 2009.
[134] G. Prat, “Vingt ans de psychopathologie de l’enfant dou´ ee t
surdou´ e en internat psychoth´ erapique,” Neuropsychiatrie de
l’Enfance, vol. 27, no. 10-11, pp. 467–474, 1979.
[135] L. Roux-Dufort, “A propos des surdou´ es,” Psychiatrie de
l’Enfant, vol. 21, pp. 126–149, 1982.14 International Journal of Pediatrics
[136] L. E. Brody and C. J. Mills, “Gifted children with learning
disabilities: a review of the issues,” Journal of Learning
Disabilities, vol. 20, pp. 282–296, 1997.
[137] T. J. Landrum, “Gifted and learning disabled students:
practical considerations for teachers,” Academic Therapy, vol.
24, pp. 533–545, 1989.
[138] D. C. Geary and S. C. Brown, “Cognitive addition: strategy
choice and speed of processing diﬀerences in gifted, normal
and mathematically disabled children,” Developmental Psy-
chology, vol. 27, no. 3, pp. 398–406, 1991.
[139] A. Neubauer, “Les cl´ es de l’intelligence,” Cerveau & Psycho,
vol. 1, pp. 51–53, 2003.
[140] P. Baraduc and E. Guigon, “Population computation of
vectorial transformations,” Neural Computation, vol. 14, no.
4, pp. 845–871, 2002.
[141] J. C. Defries, G. E. McClearn, P. McGuﬃn, and R. Plomin,
Behavioural Genetics, WH Freeman, San Francisco, Calif,
USA, 4th edition, 2000.
[142] N. G. Martin, R. Jardine, and L. J. Eaves, “Is there only one
set of genes for diﬀerent abilities? A reanalysis of the National
Merit Scholarship Qualifying Test (NMSQT) data,” Behavior
Genetics, vol. 14, no. 4, pp. 355–370, 1984.
[143] R. Plomin and J. C. Defries, “Multivariate behavioural
genetic analysis of twin data on scholastic abilities,” Beha-
viour Genetics, vol. 9, pp. 505–517, 1979.
[144] R. Plomin, N. L. Pedersen, P. Lichtenstein, and G. E.
McClearn, “Variability and stability in cognitive abilities are
largely genetic later in life,” Behavior Genetics, vol. 24, no. 3,
pp. 207–215, 1994.
[145] I. Simoes Loureiro, L. Lowenthal, L. Lefebvre, and L. Vaivre-
Douret, “Etude des caract´ eristiques psychologiques, physiol-
ogiques et sociales des enfants ` ah a u tp o t e n t i e l , ”Enfance, vol.
1, pp. 27–44, 2010.
[146] E. Turkheimer, “Individual and group diﬀerences in adop-
tion studies of IQ,” Psychological Bulletin, vol. 110, no. 3, pp.
392–405, 1991.
[147] E. Turkheimer, A. Haley, M. Waldron, B. D’Onofrio, and I.
I. Gottesman, “Socioeconomic status modiﬁes heritability of
IQinyoungchildren,”PsychologicalScience,v ol.14,no .6,pp .
623–628, 2003.